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Why do I learn Quantum Physics?

✴ Not only teaches some newer concepts of Physics but 

also teaches us to think beyond our existing knowledge. 

✴ We have to stretch our imagination beyond our current 

thinking.



Why do I learn Quantum Physics?

Every student and practitioner of science and engineering need it. 

You can not afford to ignore it. 

If you understand it well, you can participate in the science and

technology endeavors of 21st century.
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x NanŽelecƚƌŽnicƐ͗ NanŽmeƚeƌ Ɛiǌed ƋƵanƚƵm 
ƚƵnnelling deǀiceƐ
x SƉinƚƌŽnicƐ͗ DeǀiceƐ baƐed Žn elecƚƌŽn ƐƉin

x PhŽƚŽnicƐ͗ DeǀiceƐ baƐed Žn ƉhŽƚŽnƐ

Elecƚƌical Θ ElecƚƌŽŶicƐ 
EŶgiŶeeƌiŶg

x SemicŽndƵcƚŽƌ deǀiceƐ
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Quantum tunnelling iƐ hoǁ
flaƐh driǀeƐ eraƐe ƚheir
memorǇ

Giant magnetoresistance iƐ
ǁhaƚ alloǁƐ hard diƐk
driǀeƐ ƚo fƵncƚion

Quantum wells are ǁhaƚ
alloǁ laƐerƐ and phoƚonicƐ

AlGaAƐ

AlGaAƐ
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“In this paper, I examine connections between
electrical engineering and qƵantƵm phǇsics research
in Japan. Japan was one of the first countries that have
successfully developed quantum physics research
relatively early outside Europe and North America.

I claim that electric engineering was one of the bases
for quantum physical research to be motiǀated͕
legitimiǌed and sƵstained.”
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ComƉƵƚeƌ ScienceƐ 
Θ Engineeƌing

Cool QƵanƚƵm Tech͗ ThiƐ dilƵƚiŽŶ
ƌefƌigeƌaƚŽƌ caŶ cŽŽl ƋƵaŶƚƵm dŽƚƐ ƚŽ
leƐƐ ƚhaŶ ϱ millikelǀiŶƐ fŽƌ
eǆƉeƌimeŶƚƐ iŶ ƋƵaŶƚƵm cŽmƉƵƚiŶg͘

QƵaŶƚƵm CŽmƉƵƚeƌ Θ
QƵaŶƚƵm IŶfŽƌmaƚiŽŶ
PƌŽceƐƐiŶg
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QƵaŶƚƵm MechaŶicƐ aƚ ƚhe MacƌŽƐcŽƉic Scale͗ 
CŽaƌƐeͲgƌaiŶiŶg DeŶƐiƚǇ FƵŶcƚiŽŶal TheŽƌǇ

Calƚech͗ DeƉaƌƚmenƚ Žf Mechanical and 
Ciǀil Engineeƌing

MƵlƚiƐcale 
MŽdelling
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Why do I learn Quantum Physics?



Eǀen ƚhe financial maƌkeƚƐ need knoǁledge of
QƵanƚƵm PhǇƐicƐ͊

Why do I learn Quantum Physics?



Quantum Physics in Daily Life:

✴Toasters 
✴Fluorescent Lights 
✴Computer and Mobile Phone 
✴Biological Compass 
✴Transistor  
✴Laser 
✴Microscopy  
✴Global Positioning System (GPS) 
✴Magnetic Resonance Imaging  
✴Telecommunication   

Three Ways Quantum Physics Affects Your Daily Life: 
Chad Orzel in Forbes



Learning Objectives:

✴Gives a flavor of Quantum Physics and its application 

to Solid State Physics. 

✴To give some insight on how well established theories 

in Physics gave way to newer (Modern) theories.



Why Quantum Physics was needed at first 
place? 

Theory which questions the “Wave ONLY” nature of light 

(electromagnetic wave) 

Birth of Quantum Physics (Quantum Mechanics) 



What is Light?

What is light?
Christiaan Huygens
1629-1695
light consists of waves (1678)

Huygens’ principle gave 
explanations of reflection 
and refraction, being based 
solely on the so-called of 
secondary wave fronts.

Sir Isaac Newton
1643 - 1727 
light consists of particles

light consists of 
material corpuscles
in motion
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Sir Isaac Newton (1643-1727)

light consists of waves light consists of particles 

Huygens’ principle gave explanations of 
reflection and refraction, being based 
solely on the so-called of secondary wave 
fronts. 

light consists of material corpuscles 
in motion 



Thomas Young (1773-1829) James Maxwell (1831-1879) 

Maxwell’s Equations (1860) 

What is light?
Thomas Young’s double slit 
experiment (1803 )

Light must be 
waves!

James Maxwell

Maxwell’s Equations (1860)
Electromagnetic wave

𝒗 = 𝒄 =
𝟏
𝝐𝟎𝝁𝟎



EM waves can be reflected, refracted, and diffracted and they 

obey the principle of superposition.

What is Light?

So,  indeed electromagnetic wave is light and vice-versa.  



Quantum Theory (1901)

By 1900, some discoveries were NOT explained by the 
“Classical Theory”. 

Quantum Theory

• Black-body radiation (1860-1901)

• Photoelectric Effect (1887-1905)

• Hydrogen Spectra (1888-1913)

(1901)

By 1900, some discoveries were NOT explained by the 
“Classical Theory” of Light



Black-body Radiation (1860-1901)
Black body radiation: Recap from XI classRecap from XI classBlack body radiation: Recap from XI class

Black body radiation: Recap from XI class

Gustav Kirchhoff  (1824-1887)
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Black-body Radiation (1860-1901)

Rayleigh–Jeans (1900): “Sources of 

radiation are atoms in a state of oscillation 

(classical oscillators)” 

Max-Planck (1901): “The elementary 

oscillators could emit and absorb EM radiation 

ONLY in discrete packets”

Black body radiation (1860-1901)

Max Plank (1901)

Quantum Theory

𝑬 = 𝒏𝒉𝒇

the elementary oscillators could 
emit and absorb em radiation 
ONLY in discrete packets

sources of radiation are atoms in a 
state of oscillation (classical 
oscillators)

Rayleigh–Jeans (1900)

𝒉 ∼ 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒 SI units

Birth of Quantum Mechanics
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Photoelectric Effect (1887-1905)

Heinrich Hertz

• Black-body radiation (1860-1901)
• Photoelectric Effect (1887-1905)
• Atomic Spectroscopy (1888-1913) 

Photoelectric Effect

Failure of Classical theory of light: Frequency, NOT 
Intensity decides the threshold of photoelectron emission 

𝑲𝐦𝐚𝐱

𝑲𝐦𝐚𝐱 = 𝒉𝝂 − 𝝓𝟎

Einstein’s quantization of Photon energy (1905)

Hertz (1887)

The Nobel Prize in 
Physics 1921

= 𝒉𝝂 − 𝒉𝒇𝟎 = 𝒆𝑽𝟎

𝑲𝐦𝐚𝐱 = 𝒉(𝝂 − 𝒇𝟎)

Observations

Kmax increases with frequency 
of light

Kmax = Maximum KE of photoelectron

Vs

Kmax does not depend on intensity (I) 
of light

Existence of a threshold frequency
(Q0) below which no photoelectrons
are detected. Q0

Q>Q0Q<Q0

Q

Kmax

Photoelectrons are detected instantaneously.Failure of Classical theory of light: Frequency, 
NOT Intensity decides the threshold of 
photoelectron emission. 

Einstein’s quantization of Photon energy (1905) 
Kmax = h⌫ � �0 = h⌫ � h⌫0 = eV0

Kmax = h(⌫ � ⌫0)
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of the electron. In short, he introduced only those ideas necessary to
explain the photoelectric effect. He maintained that the energy of light
is not distributed evenly over the classical wavefront, but is concen-
trated in discrete regions (or in “bundles”), called quanta, each con-
taining energy, hf. A suggestive image, not to be taken too literally, is
shown in Figure 3.16b. Einstein’s picture was that a light quantum was so
localized that it gave all its energy, hf, directly to a single electron in the
metal. Therefore, according to Einstein, the maximum kinetic energy for
emitted electrons is

(3.23)

where ! is the work function of the metal, which corresponds to the minimum
energy with which an electron is bound in the metal. Table 3.1 lists values of
work functions measured for different metals.

Equation 3.23 beautifully explained the puzzling independence of Kmax

and intensity found by Lenard. For a fixed light frequency f, an increase in
light intensity means more photons and more photoelectrons per second,
although Kmax remains unchanged according to Equation 3.23. In addition,
Equation 3.23 explained the phenomenon of threshold frequency. Light of
threshold frequency f0, which has just enough energy to knock an electron out
of the metal surface, causes the electron to be released with zero kinetic
energy. Setting Kmax " 0 in Equation 3.23 gives

(3.24)

Thus the variation in threshold frequency for different metals is produced
by the variation in work function. Note that light with f # f0 has insuf-
ficient energy to free an electron. Consequently, the photocurrent is zero
for f # f0.

With any theory, one looks not only for explanations of previously observed
results but also for new predictions. This was indeed the case here, as Equa-
tion 3.23 predicted the result (new in 1905) that Kmax should vary linearly
with f for any material and that the slope of the Kmax versus f plot should yield

f0 "
!

h

Kmax " hf $ !

84 CHAPTER 3 THE QUANTUM THEORY OF LIGHT
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Figure 3.17 Universal charac-
teristics of all metals undergo-
ing the photoelectric effect.

Figure 3.16 (a) A classical view of a traveling light wave. (b) Einstein’s photon
picture of “a traveling light wave.”
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Table 3.1 Work Functions
of Selected
Metals

Work Function, !,
Metal (in eV)

Na 2.28
Al 4.08
Cu 4.70
Zn 4.31
Ag 4.73
Pt 6.35
Pb 4.14
Fe 4.50

Einstein’s theory of the
photoelectric effect

Copyright 2005 Thomson Learning, Inc. All Rights Reserved.  

 



Hydrogen Spectra (1888-1913)

Atomic Spectra of Hydrogen 

• Black-body radiation (1860-1901)
• Photoelectric Effect (1887-1905)
• Hydrogen Spectra(1888-1913) 

Johannes Rydberg
Atomic Spectra of Hydrogen

Lyman, Balmer, Paschen, 
etc series
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Atomic Spectra

The Nobel Prize in 
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Recommended Readings

1. Black-body radiation, section 3.2 in page 68,  and  
(optional) section  3.3 in page 77. 


2. Photoelectric effect, section 3.4 in page 80. 


3. The Bohr atom, section 4.3 in page 125. 


